P. G. Pimentel et al.

INTRODUCTION
Selecting animals with a greater milk potential requires the use of concentrate feeds, increasing the need to evaluate alternative food sources, such as agroindustrial byproducts. The development of cashew culture in northeastern Brazil stands out for its production volume, comprising the totality of the Brazilian production of cashew nuts (CN) . CN that are improper for human consumption are an agroindustrial byproduct.
The supply of CN as a source of lipids to dairy cows is an alternative that allows for increasing the energy density in the diet. However, when lipids are supplied at high levels in the diet, this may cause the accumulation of intermediaries of ruminal biohydrogenation of long chain unsaturated fatty acids, reducing the lipogenic capacity of the mammary gland, and reducing fat content in the milk as a consequence (CHILLIARD et al., 2007) .
Fat is the main energy carrier in milk, and is responsible for most of the physical characteristics as well as manufacturing and organoleptic qualities of milk and its derivatives (BAUMAN et al., 2006) . However, milk fat is relatively more saturated than most plant oils, and this has led to a negative consumer perception and public health concern related to excessive intake of saturated fats. Consumers are increasingly aware of the link between diet and health, and recently fatty acids have gained special attention for their potential health benefits (CHILLIARD et al., 2007) .
Conjugated linoleic acids (CLA) are the group of positional and geometric isomers of octadecadienoic acid with conjugated double bonds, naturally occurring in the composition of fatty acids derivative of feeds; such a bioactive fatty acid may function to improve health maintenance and prevent chronic diseases (O´DONNELL-MEGARO et al., 2012; PARODI, 2004) . The presence of CLA in the human diet has received considerable attention due to its anticancer properties and as an immunological modulator and growth promoter (BENJAMIN; SPENER, 2009). According to Dewhurst et al. (2006) , the composition of the basal diet, the amount and form of the lipid supplement, has a significatly effect on changes in milk fat CLA concentrations over an extended period of time.
The objective of this work was to evaluate the production and composition of milk from dairy cows fed increasing levels of CN in the concentrate portion of the diet.
MATERIAL AND METHODS
Humane animal care and handling procedures were followed according to the guidelines of the University's animal care committee (Protocolo CEUA 136/2004, UFMG) .
Eight Holstein pluriparous cows were used, between the third and fifth lactation, at 50 and 74 postpartum days, with a daily milk average production of 28.0 ± 4.0 kg, and an average body weight of 555 kg. Cows were placed in a double 4 x 4 Latin square experimental design.
The experiment consisted of 21-day periods, in which 14 days were for adaptation and seven days for data collection. Animals were kept in confinement and individualized in tie stall installations. The assessed diets consisted of including different amounts of ground cashew nuts (CN): 0; 80; 160 and 240 g kg -1 of concentrate portion (Table 1 ). All the diets had 50% corn silage in the total dry matter. Diet was offered as a complete mixture, twice a day after milking, allowing orts of approximately 10%.
Contents of ether extract in the diets with 0; 80; 160 and 240 g of CN kg -1 of concentrate were 31.6; 46.0; 68.9 and 73.1 g kg -1 of dietary dry matter, respectively (Table 2) . Cashew nut contributed approximately with 36.5; 48.0 and 68.1% of the total ether extract in the diet, according to the increasing levels of inclusion. Diets were formulated to be isoprotein (NRC, 2001 ).
Milking was done mechanically and the milk yield was measured twice a day (07h00 and 17h00), from the 15 th to the 21 st day of each experimental period. On the last two days of the period, four milk samples were collected in successive milking to determine the contents of fat, protein, lactose, urea nitrogen (N-urea), total solids and non-fat solids (NFS) in the milk. To preserve the 50 mL samples, a 10 mg pill of bronopol (2-bromo 2-nitropropane-1,3-diol) was added into each container. After that, samples were cooled at 4 o C.
Milk samples for analysis of the fatty acid profile were the result of a single sample composed of four milkings of the 20 th and 21 st days of each experimental period, stored at -20 o C.
The contents of fat, protein, lactose, total solids and NFS in the milk were determined using the near infrared ray method on a Bentley 2000 apparatus (Bentley Instruments, Chaska, EUA).
Milk was corrected for the content of 4% of fat (YMC4%), according to the formula cited by the NRC (1989): YMC4% = 0.4 x milk production + 15 x (%fat 100 -1 ) x milk yield. Milk yield was also corrected for content of total solids (MCCTS) according to the equation proposed by Tyrrel and Reid (1965) The analysis of urea nitrogen was carried out using the colorimetric enzymatic method, with the use of a ChemSpec 150 apparatus (Bentley Instruments, Chaska, EUA). Analyses of the profile of fatty acids in the milk were performed according to the extraction and methylation technique, described by Chouinard et al. (1999) .
The results were statistically analyzed by using PROC GLM (General Linear Models) in the SAS software. Statistical analysis for achieving linear and quadratic contrasts was carried out by observing the response types of the variables to the assessed diets. Regression analyses were performed to achieve estimates of the assessed responses for the levels of CN not used in the experiment. PROC REG in the SAS software was used for this estimative.
The effects of including cashew nut into the milk production and composition were evaluated according to the following statistical model: Y ijkl = m + Q i + P j + A/Q k(i) + T l + e ijkl , where: Y ijkl = response of k animal in the j period within i square under diet 1; m = overall mean; Q i = square effect; i = 1;2; P j = effect of the j period; j = 1; 2; 3; 4; A/ Q k(i) = effect of k animal; k = 1; 2; 3; 4; 5; 6; 7; 8, within i square; T l = effect of the diet 1; l = 1; 2; 3; 4; e ijkl = random error on k animal, in the j period of 1 diet.
The profile of long chain fatty acids was transformed into an (x + 1) logarithm for comparison among means due to the high coefficient of variation observed. Non-parametric analysis was performed for C 18:1 Trans-10, C 18:1 Trans-11 and C 18:2 Trans-10 cis-12, using the Wilcoxon test at the level of 0.05 of probability. 
RESULTS AND DISCUSSION
The addition of CN to the diet maintained milk yield and milk yield corrected for total solids (MCCTS), regardless of the level of inclusion in the concentrate portion of the diet (Table 3) .
Milk yield corrected for 4% of fat (YMC4%) and fat content in the milk linearly decreased as greater proportions of CN were included in the concentrate, as shown by the following equations: YMC4%, kg day -1 = 28.87 -0.02x (R 2 = 0.90; p<0.05) and Fat, g kg -1 = 37.20 -0.045x (R 2 = 0.97; p<0.05), where x = the inclusion level of CN in the concentrate. The regression analysis showed that for every inclusion of 10 g of CN kg -1 of concentrate, milk fat decreased by 0.045 g kg -1 . The increment in the content of lipids tended to linearly decrease the production of milk fat (p=0.08) with the inclusion of increasing levels of CN in the concentrate. Milk fat production was reduced by 0.014 kg day -1 for every 10 g of CN kg -1 of concentrate, as demonstrated by the regression equation: Fat, kg = 1.11 -0.014x (R 2 = 0.91; p<0.05), where: x = the inclusion level of CN in the concentrate.
The inclusion of lipids in the diet for dairy cows may reduce the fat content in the milk due to modifications in the ruminal environment, such as an inhibitory effect on dry matter digestibility, influencing the acetic acid supply, which is the main source of carbon for de novo synthesis in the mammary gland (GLASSER; FERLAY; CHILLIARD, 2008). However, Pimentel et al. (2012) observed that the increasing levels of CN in the concentrate portion of the diet did not influence ruminal fermentation parameters. It is likely that the reduction in the fat content in the milk was caused by the increase in the supply of unsaturated fatty acids (UFA), as expressed by the ratio of 3.68 between unsaturated and saturated fatty acids in CN. The negative influence of UFA on the synthesis of milk by reducing the final stages of ruminal biohydrogenation increased the amount of C 18:1 Trans-18 unsaturated fatty acid, which are transformed into C 18:2 Trans-10 cis-12 in the mammary gland and inhibit lipogenesis (BAUMAN; HARVATINE; LOCK, 2011).
Halmemies- Beauchet-Filleau et al. (2011) found no increase in milk production and composition from dairy cows fed red clover silage-based diets and plant oils or camelina expeller. Although, as observed by Harvatine and Allen (2006) , the increase in the supply of UFA reduced milk fat synthesis by 0.27 kg day -1 , possibly due to the inhibition of ruminal biohydrogenation caused by the fatty acid intermediates.
The production of milk protein did not present significant variations (p>0.05) among the diets. The content of milk protein with 240 g of CN kg -1 of concentrate was 31.9 g kg -1 , a value close to the ideal value (32.0 g kg -1 ) set for the Holstein breed. However, the percentage of milk protein presented a quadratic trend (p=0.10) with the addition of CN to the concentrate. Although in the present study was not observed influence of the byproduct in milk protein content, according to De Peters and Cant (1992), a reduction around 0.1 to 0.3 percentage units can be expected in this paramenter with the addition of lipid to the diet. The failure of the ruminal microorganisms to use lipids as a source of energy for their growth may explain this reduction in the synthesis of milk protein, since the availability of amino acids becomes insufficient for the synthesis of protein in the mammary gland (SNIFFEN et al., 1992) .
Contents of N-urea in the milk were not influenced by the diets (p>0.05), despite being considered high with a mean value of 18.15 mg dL -1 . Although the diets did not present high contents of CP (146.0 to 162.0 g kg -1 DM), the mean value of milk N-urea was above the target value (>16 mg dL -1 ). According to Butler, Calaman and Beam (1996) , negative effects on reproductive performance of dairy cows occur when concentrations of N-urea reach values higher than 19.0 mg dL -1 in the milk.
Although milk N-urea increased, there was no negative effect on milk protein, showing that there was an adequate supply of amino acids for the mammary gland. Pimentel et al. (2012) presented data related to the concentrations of purine derivatives in urine of cows fed cashew nut (0, 80, 160 and 240 g of CN kg -1 of concentrate), wherein the excretions of allantoin and uric acid were not influenced by the addition of the byproduct, however showed high ratio allantoin:creatinine (mean of 4.16), suggesting suitable microbial growth, which possibly increased the intestinal microbial protein flow.
The content and production of lactose were not influenced by increasing proportions of CN in the concentrate portion of the diet, which is in agreement with the statement that this component is little influenced by modifications in the diet, and is one of the most constant constituents in the milk. Oliveira et al. (2007) did not find alterations in milk production and milk production corrected for 3.5% fat, but observed a reduction in the production and concentration of milk fat when supplying diets with approximately 5 g of fatty acids kg -1 of DM. This author also obtained lower concentrations of total solids and urea nitrogen in the milk.
In the early 1980s, there was a clear realization that diet manipulation changes milk composition, being milk fat the most sensitive component, which could be changed over a range of 3 percentage units, while lactose content could not be altered, only under unusual feeding situations. Concerning milk protein, the response to diet changes would be higher (over a 0.5-percentage unit range) than lactose, but less than fat. Until nowdays, the studies conducted to detect the changes in this three components, observe that the greatest influence of diet occurs in milk fat and fatty acid composition (JENKINS; McGUIRE, 2006) .
The inclusion of CN in the concentrate linearly decreased (p<0.05) the concentration of short chain fatty acids (SCFA; C 8:0 to C 12:1 ), as well as the total of short chain fatty acids (Total C 4:0 to C 12:1 ; Table 4 ). The diet with 240 g of CN kg -1 of concentrate portion was responsible for a reduction of 383.2 g 100 g -1 in the concentration of short chain fatty acids in milk fat.
The total C 4:0 -C 12:0 can be estimated from the following regression equation: Total C 4:0 -C 12:0 = 15.43 -0.25x (R 2 = 0.99; p<0.05), where x = the inclusion level of CN in the concentrate. According to the previous equation, a decrease of 0.25 mg g -1 in the total SCFA was estimated for every 10 g of CN kg -1 of concentrate. The reduction in the concentration of SCFA acids was followed by an increase in the contents of C 18:2 Trans-10 cis-12.
The medium chain fatty acids (MCFA) C 13:0 , C 14:1 , C 16:1 , C 17:0 and C1 7:1 were not influenced by the addition of the by product, with mean values of 0.31; 8.20; 11.55; 3.94 and 2.01 mg g -1 , respectively. However, C 14:0 , C 15:0 and C 16:0 had their concentrations reduced at all inclusion levels of lipids into the diet (p≤0.01). These results were different from Vyas, Teter and Erdman (2012) who observed increase in the proportions of MCFA when lactating dairy cows received a mixture of short and medium fatty acids via dietary supplementation. P. G. Pimentel et al. The two greatest inclusion levels of CN presented the greatest concentration means of stearic acid (C 18:0 ) , with values of 144.72 and 155.07 mg g -1 , for the levels of 160 and 240 g of CN kg -1 of concentrate, respectively. This increase may point to the saturation of biohydrogenation reactions in milk fat (CHILLIARD et al., 2007) . The supplied diets did not have an effect on the contents of C 18:1 Trans-10, whereas the inclusion of CN at its highest proportion (240 g of CN kg -1 of concentrate) increased the concentration of C 18:1 Trans-11 in the milk from 11.56 to 31.16 mg g -1 of fat. Average concentrations of linoleic acid (C 18:2 ) presented a linear pattern in response to the increment of lipids in the diets of experimental animals, whereas the contents of linolenic (C 18:3 ) and arachidonic (C 20:0 ) acids showed an increased trend in their concentrations due to the inclusion of CN in the concentrate (p=0.06 and p=0.07, respectively for C 18:3 and C 20:0 Table 4 -Profile of fatty acids in the milk fat from dairy cows fed with different levels of cashew nut (CN) in the concentrate portion of the diet control diet (336.41 mg g -1 of fat). As most fatty acids in CN are LCFA, it is likely that the supply of the diet with greater additions of this byproduct had a greater influence on the increase in LCFA in the milk fat after being biohydrogenated or not by ruminal microorganisms. Yan et al. (2011) observed that the addition of extruded soybeans increased the contents of C 18:0 , C 18:2 and C 18:3 in the diets, but the C 16:0 , C 18:1 , C 18:2 Cis-9 Trans-11, C 20:0 , C 20:2 , C 22:1 and C 24:0 contents were decreased in the milk. According to the present study, these authors observed that feeding extruded soybeans reduced the proportion of both SCFA and MCFA, and increased the LCFA content in milk fat, being soybean and cashew nut sources of dietary fatty acids.
About 50% of the fatty acid in the milk are from LCFA in the diet and from biohydrogenation of lipids by ruminal bacteria, probably because of the profile of fatty acids in CN (12.26% of C 18:0 , 57.39% of C 18:1 , 20.71% of C 18:2 and 0.22% of C 18:3 ). The supply of CN produced a milk fat profile with lower proportions of C 16:0 and with greater proportions of long chain fatty acids (C 18:0 , C 18:1 , C 18:2 and C 18:3 ), which are considered more desirable for human health. The increasing inclusion of CN in the diet also tended to increase the concentration of C 20:0 .
CONCLUSION
The inclusion of 24% of cashew nut in the concentrate portion of the diet, maintains milk production, reduces milk fat content and together with the reduction in the concentration of short chain fatty acids and the increase in the concentrations of long chain fatty acids, provide a greater nutraceutical value to milk, making the use of cashew nut an excellent alternative for obtaining milk with more benefits to human health.
